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Abstract
The credit crisis roiling the world’s financial markets will likely take years and entire careers
to fully understand and analyze. A short empirical investigation of the current trends, however,
demonstrates that the losses in certain markets, in this case the US equity markets, follow a
cascade or epidemic flow-like model along the correlations of various stocks. This phenomenon will
be shown by the graphical display of stock returns across the network and by the dependence of
the stock return on topological measures.
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I. INTRODUCTION
The barely covered story of rising foreclosures among the condominiums of Florida or
California in early 2007 was a harbinger of a much larger collapse in the worldwide financial
system. The increase of foreclosures over the priced in foreclosure risk in mortgage-backed
securities, otherwise deemed high-grade assets, began the confusion of the value of collateral
assets and subsequent seizing up of credit markets around the globe. The collapse of several
institutions, such as Bear Stearns, Lehman, and Fortis, has accentuated the level of crisis
now facing the world markets. Previously, loosely regulated titans of finance, such as hedge
funds and private equity groups, have been hit by waves of unprecedented losses and demands
by investors for redemptions, causing them to sell even more assets or close positions and
creating a positive feedback death spiral.
Though the hardest hit markets are lesser-known markets, such as commercial paper, the
equity markets have become the most widely known indicators of the ongoing meltdown. In
fact, most non-experts likely use the movements of the equity markets, fallaciously, as a key
gauge of the severity or progress of the crisis. The equity markets, however, did not originate
the crisis nor are they the key force perpetuating it. In this short paper, the spread of the
credit crisis will be discussed by referring to a correlation network of stocks in the S&P 500
and the NASDAQ-100 indices. The fact that the spread resembles a contagion or cascade,
however, may be mainly superficial given the underlying dynamics are completely different.
II. NETWORK CONSTRUCTION
In this paper, a stock correlation network, similar to the one in Refs. [1, 2, 3, 4, 5], is
created. We start by defining a correlation matrix of returns between two stocks, where the
correlation between stocks i and j, ρij is defined as
ρij =
E((Xi − µi)(Xj − µj))
σiσj
(1)
with Xi and Xj being the log-returns of stocks i and j at a given time, µi and µj being
the mean value of the stock log-returns over the measured time period, and σi andσj being
the standard deviations of i and j over the measured time period. The correlation is taken
over the time period August 1, 2007, to October 10, 2008, where each daily value of X is the
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Basic Materials Conglomerates Consumer Goods Financial Healthcare Industrial Goods Services Technology Utilities
Basic Materials (61) 0.65 0.68 0.46 0.52 0.46 0.62 0.52 0.58 0.6
Conglomerates (7) 0.68 0.88 0.62 0.69 0.60 0.79 0.7 0.74 0.75
Consumer Goods (61) 0.46 0.62 0.48 0.53 0.45 0.56 0.52 0.53 0.55
Financial (85) 0.52 0.69 0.53 0.64 0.49 0.63 0.59 0.59 0.6
Healthcare (49) 0.46 0.60 0.45 0.49 0.46 0.53 0.49 0.51 0.54
Industrial Goods (42) 0.62 0.79 0.56 0.63 0.53 0.71 0.63 0.66 0.66
Services (98) 0.52 0.7 0.52 0.59 0.49 0.63 0.59 0.60 0.61
Technology (100) 0.58 0.74 0.53 0.59 0.51 0.66 0.60 0.65 0.63
Utilities (30) 0.60 0.75 0.55 0.60 0.54 0.66 0.61 0.63 0.76
TABLE I: Correlations within and across stock categories from 8/1/1007 to 10/10/2008. The
number in parentheses after the sector name in the rows is the number of companies in each
category.
log-return of the closing price from the previous day. As Refs. [1, 2] demonstrate, however,
correlation is not a distance metric; therefore, we create an adjacency matrix with weights
on the edges matching the distance metric between stocks, i and j. That matrix is defined
as
d =
√
2(1− ρij) (2)
Using these distances we finally create a graphical minimal spanning tree by using the
python-graph module, pydot, and Graphviz. Because over 500 stocks are included, the ticker
labels are relatively small but the central part of the component is dominated (though not
exclusively) by certain finance and service sector stocks, which are heavily cross-correlated
and thus tightly linked with each other, while the outer branches are more industry specific,
including utilities, basic materials, technology, and some less-central financial stocks. These
are the stocks later impacted by the credit crisis (see Fig. 1). The average correlations
among stocks both within each category and between stocks of each category are given in
Table I.
The stocks in Fig. 3, represented as nodes, are colored according to the following method-
ology based on the stock return since August 1, 2007. Events in the figures are taken from
the timeline at Ref. [6]. The fall in stock valuations flows outward in the correlation network
from stocks with relatively high centrality in the center to those on the periphery, which are
more industry specific or otherwise uncorrelated to the core sectors of the stock market. In
Fig. 2, this spread is emphasized by showing the average return among stocks at a distance
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FIG. 1: Sectors represented by stocks in the network. Green is for finance firms, orange is for service
firms, red for healthcare, grey for utilities, yellow for technology firms, black for basic materials,
purple for conglomerates, blue for consumer goods, and brown for industrial goods. Industry sector
breakouts are according to Hoovers[15].
d from the stock with the highest betweeenness centrality (here CBS, a major S&P 500
stock, and here classified under the services industry), where d is defined by Eq. 2. Here, we
see that the greater the distance from the central part of the network, the more delayed the
decline in valuation. Therefore, the credit crisis spreads among affected stocks from more
centralized nodes to more outer ones as the news of the extent of the damage to the global
economy spreads.
III. DISCUSSION & CONCLUSION
Using methods of statistical physics and complex networks to investigate phenomena in
stock markets is increasingly common [7, 8, 9, 10]. The increasing complexity and global-
ization of financial markets has led to many large and sometimes unpredictable effects. In
Ref. [11], the effects of globalization upon the Korea Stock Exchange were demonstrated
4
0 50 100 150 200 250 300
−
1.
0
−
0.
5
0.
0
0.
5
Days since 8/1/2007
R
et
ur
n 
si
nc
e 
8/
1/
20
07
−
1.
0
−
0.
5
0.
0
0.
5
R
et
ur
n 
si
nc
e 
8/
1/
20
07
−
1.
0
−
0.
5
0.
0
0.
5
R
et
ur
n 
si
nc
e 
8/
1/
20
07
−
1.
0
−
0.
5
0.
0
0.
5
R
et
ur
n 
si
nc
e 
8/
1/
20
07
−
1.
0
−
0.
5
0.
0
0.
5
R
et
ur
n 
si
nc
e 
8/
1/
20
07
FIG. 2: Average returns of stocks from August 1, 2007 by distance from the stock with the highest
betweenness centrality (CBS). Orange is the average return of stocks at distance 0 < d ≤ 0.4, green
at distance 0.4 < d ≤ 0.8, blue at distance 0.8 < d ≤ 1.2, purple at distance 1.2 < d ≤ 1.6, and
black at distance 1.6 < d ≤ 2.0 (the maximum allowed by the metric in Eq. 2).
by showing the increasing grouping coefficient of stocks from 1980-2003. The credit crisis,
however, presents a challenge of a whole new magnitude.
As viewed by the wider market, the collapse in stock price returns began in the financial
and services sector of the economy. Soon it moved across more mainline banks and firms,
and more recently has affected stocks across the board. Though the spread of the collapse
in stocks down the tree resembles an infection or cascade on a network, such ideas are
more appropriately viewed as analogies or metaphors than explanations. Unlike a disease or
cascading collapse, the stock crash is not being transmitted from one stock to another. What
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the collapse reveals is a complex and collective systemic collapse of the financial system,
which spreads as its extent becomes more recognized and affects the credit or demand for
sectors across the economy.
The spread is carried both by the news of the extent of the crisis and the fact that similar
risky asset bases make the co-movement of certain stocks more likely and thus more highly
correlated. In addition, as credit becomes restricted, capital flows formerly relied on as a
given begin to disappear, causing financial difficulties in companies and selling of equities
(among other assets) to raise capital. As panic and the extent of the devastation spread,
stocks are punished accordingly. In normal times, the failure of a company and its stock is
not a cause for a systemic crisis. Also, since the correlation was calculated over an entire
year’s activity, the stock prices are correlated because they tend to fall similarly over time.
The correlation shown in this network does not cause the transmission chain of collapse, but
is inextricably tied to it. In addition, the correlation generally increases with volatility (for
example, see Ref. [12]) and negative returns affect volatility more than positive returns of
the same magnitude [13, 14], so over time, the correlation has been increasing among stocks,
and the network will likely be more dense and structured differently due to the steadily
increasing market volatility.
Finally, one should note that this is not an example of the widely cited ‘financial con-
tagion’ in the press. Financial contagion refers to the coupling of financial panic across
national borders and not among stocks in an exchange. However, these do illustrate the
spread of the credit crisis and how what was once a problem among home builders and
mortgage finance companies has engulfed the entire economy.
[1] J.C. Gower, Biometrika, 53, 325 (1966).
[2] R.N. Mantegna, Eur.Phys. J. B 11, 193 (1999).
[3] R.N. Mantegna and H.E. Stanley, An Introduction to Econophysics: Correlations and Com-
plexity in Finance, (Cambridge University Press, Cambridge, 1999).
[4] H.J. Kim, I.M. Kim, Y. Lee, and B. Kahng, J. Korean Phys. Soc., 40, 1105 (2002).
[5] H.J. Kim, Y.K. Lee, B. Kahng, and I.M. Kim, J. Phys. Soc. Japan, 71, 2133, 2002.
[6] J. Cox,“Credit Crisis Timeline”, The University of Iowa Center International Finance and
6
Development, retrieved October 17, 2008 (2008).
[7] X.T. Zhuang, Z.F. Min, and S.Y. Chen, Journal of Northeastern University(Natural Science),
28, 1053 (2007) (in Chinese).
[8] L. Ping and B.H. Wang, Systems Engineering, 24, 73 (2006) (in Chinese).
[9] G.B. Oh and S.H. Kim, J. Korean Phys. Soc., 48, 197 (2006).
[10] H.H. Jo and S.Y. Kim, J. Korean Phys. Soc., 49, 1691 (2006).
[11] W.S. Jung, O. Kwon, J.S. Yang, and H.T. Moon, J. Korean Phys. Soc., 48, 135 (2006).
[12] T.G. Andersen, T. Bollerslev, F.X. Diebold, and H. Ebens, J. of Financial Economics, 61, 43
(2001).
[13] F. Black, Proceedings of the American Statistical Association, Business and Economic Statis-
tics Section, 177 (1976).
[14] J.Y. Campbell and L. Hentschel, J. of Financial Economics, 31, 281 (1992).
[15] Hoovers, http://www.hoovers.com
7
AAA
TEX
AAPL
GOOG
ABC
CAH
ABI
TMO
ABT
JNJ
ACAS
C
ACS
TMK
ADBE
UTX
ADI LRCX
ADM
EP
ADP
DOW
ADSK
AEE
CBS
AEP
AES
WMB
AET CI
AFL
TRV
AGNLLY
AIG
MS
AIV
DDR
AIZ
PRU
AKAM
AKS
ALL
PFG
ALTR
LLTC
AMAT KLAC
AMD
VMED
AMGN
CELG
AMLN
AMP
AMT
GE
AMZN
AN
M
ANF
AOC
SPG
APA
DVN
APC
NBL
APD
APOL
CHKP
ASH
RRD
ATI
ATVI
BUD
AVB
VNO
AVP
PFE
AVY
IR
AW
WMI
AXP
AYE
CMS
AZO
KSS
BA
BAC
BAX
BBBY LOW
BBT
MTB
BBY
BCR
COV
BDK
SWK
BDX
SYK
BEN
BHI
HAL
BIDU
QCOM
BIG
FDO
BIIB
NYX
BJS
BK
BLL
CAT
BMC CA
BMS
WY
BMY
TWX
BNI
TROW
BRCM
MRVL
BRL
PNC
BSX
GM
BTU
HCP
BXP
MER
NSM
CAG
ROK
CAM
NOV
CB
CBE
CBG
WYN
CCE
CCL
CDNS
CEG
CEPH
CF
MEE
CHK
CSCO
CHRW
EXPD
CVH
CIEN
CINF
KEY
CIT
CL
PEP
CLX
CMA
STI
CMCSA
CME
ICE
CMI
ETN
CNP
CNX
COF
COG
COH
COL
COP
COST
GENZ
CPB
HNZ
CPWR
CRM
CSC
HOT
MMM
CSX
UNP
CTAS
CTL
EQ CTSHINFY
CTX
CTXS
CVGUNH
CVS
CVX
D
FE
DD
DDS
DEJEC
DELL
XRX
DF
DFS DGX
XL
DHI
KBH
DHR
DIS
DISH
DOV
DRI
DTE
EIX
DTV
STT
DUKPGN
DVA
XTO
DYN
EBAY
TXT
ECL
ED
EFX
EK
EL LTD
EMC
EMN
EMR
EOG
EQR
ERTS
ESRX
NTRS
ESV
RDC
ETFC
ETR
EXC
PPL
FDX
EXPE
F
FAST
GWW
FCX
STLD
TGT
FPL
FHN
FII
GS
FIS
FISV
FITB
FLEX
FLIR
FLR
FMCN
FO
FRX
FTR
WIN
FWLT
GAS
TEG
GCI
GD
GGP
HIG
GILD
GIS
K
GLW
GME
GNW
GPC
GPS
GR
HON
GRMN
GT
NBR
HANS
HAR
HAS
WMT
HBAN
HCBK
USB
PCL
HD
HESOXY
HOG
HOLX
HPC
HPQ
IBM
HRB
HRS
PH
HSIC
HSP
HST
HSY
HUM
WLP
IFF
IGT
NIHD
INTC
INTU
ORCL
IP
LM
IPG
ISCA
ISRG
ITT
ITW
IVZ
JAVA
JBL
JCI
JCP
JDSU
UNM
JNPR
JNS
JNY JOYG
JPM
JWN
KFT
LEN
LNC
KG
KIM
TER
KMB
KO
KR
SWY
L
LAMR
LEAP
LEG
LH
LIZ
LLL
LMT
RTN
LO
LOGI
LSI
LUK
LUV
LVLT
LXK
MA
MAR
MAS
MAT
MBIMCD
MCHP
MCK
MCO
MHP
MDP
MDT
MET
MHS
MI
RF
MICC
MIL
MKC
MMC
MNST
MO
RAI
MOLX
MONMOT
MRK
MRO
VLO
MSFT
ZION
MTG
MTW
MU
MUR
MWV
MYL
STR
NCC
NE
NEM
NI
NKE
NOC
NOVL
NSC
NTAP
NUE
X
NVDA
NVLS
NWL
NYT ODP
OMC
PAYX
PBG
PBI
PCAR
PCG
PSA
PCP
PDCO
PEG
PETM
PG
PGR
PHM
PKI
PLD
PLL
PM
THC
PNW
POM
PPG
PTV
PX
Q
QLGC
SNA
R
RHI
RIG
RIMM
RL
ROH
SIAL
RRC
RSH
RX
S
SAF
SBUX
SCHW
SE
SEE
SGP
SHLD
SHW
SII
WFT
SIRI
SLB
SLE
SLM
SNDK
SNI
WAT
SO
SOV
SPLS
SRCL
SRE
STJ
STZ
SUN
SVU
SWN
SYMC
SYY
T
TAP
TDC
TE
TEL
TEVA
TIE
TIF
TJX
TLAB
TSN
TSO
TSS
TXN
TYC
UIS
UPS
WFC
UST
VAR
VFC
VMC
VRSN
VRTX
VZ
WAG
WB
WEN
WFMI
WFR
WHR
WM
WPI
WPO
WU
WWY
WYE
WYNN
XEL
XLNX
XOM
XRAY
YHOO
YUM
ZMH
A
AA
TEX
AAPL
GOOG
ABC
CAH
ABI
TMO
ABT
JNJ
ACAS
C
ACS
TMK
ADBE
UTX
ADI LRCX
ADM
EP
ADP
DOW
ADSK
AEE
CBS
AEP
AES
WMB
AET CI
AFL
TRV
AGNLLY
AIG
MS
AIV
DDR
AIZ
PRU
AKAM
AKS
ALL
PFG
ALTR
LLTC
AMAT KLAC
AMD
VMED
AMGN
CELG
AMLN
AMP
AMT
GE
AMZN
AN
M
ANF
AOC
SPG
APA
DVN
APC
NBL
APD
APOL
CHKP
ASH
RRD
ATI
ATVI
BUD
AVB
VNO
AVP
PFE
AVY
IR
AW
WMI
AXP
AYE
CMS
AZO
KSS
BA
BAC
BAX
BBBY LOW
BBT
MTB
BBY
BCR
COV
BDK
SWK
BDX
SYK
BEN
BHI
HAL
BIDU
QCOM
BIG
FDO
BIIB
NYX
BJS
BK
BLL
CAT
BMC CA
BMS
WY
BMY
TWX
BNI
TROW
BRCM
MRVL
BRL
PNC
BSX
GM
BTU
HCP
BXP
MER
NSM
CAG
ROK
CAM
NOV
CB
CBE
CBG
WYN
CCE
CCL
CDNS
CEG
CEPH
CF
MEE
CHK
CSCO
CHRW
EXPD
CVH
CIEN
CINF
KEY
CIT
CL
PEP
CLX
CMA
STI
CMCSA
CME
ICE
CMI
ETN
CNP
CNX
COF
COG
COH
COL
COP
COST
GENZ
CPB
HNZ
CPWR
CRM
CSC
HOT
MMM
CSX
UNP
CTAS
CTL
EQ CTSHINFY
CTX
CTXS
CVGUNH
CVS
CVX
D
FE
DD
DDS
DEJEC
DELL
XRX
DF
DFS DGX
XL
DHI
KBH
DHR
DIS
DISH
DOV
DRI
DTE
EIX
DTV
STT
DUKPGN
DVA
XTO
DYN
EBAY
TXT
ECL
ED
EFX
EK
EL LTD
EMC
EMN
EMR
EOG
EQR
ERTS
ESRX
NTRS
ESV
RDC
ETFC
ETR
EXC
PPL
FDX
EXPE
F
FAST
GWW
FCX
STLD
TGT
FPL
FHN
FII
GS
FIS
FISV
FITB
FLEX
FLIR
FLR
FMCN
FO
FRX
FTR
WIN
FWLT
GAS
TEG
GCI
GD
GGP
HIG
GILD
GIS
K
GLW
GME
GNW
GPC
GPS
GR
HON
GRMN
GT
NBR
HANS
HAR
HAS
WMT
HBAN
HCBK
USB
PCL
HD
HESOXY
HOG
HOLX
HPC
HPQ
IBM
HRB
HRS
PH
HSIC
HSP
HST
HSY
HUM
WLP
IFF
IGT
NIHD
INTC
INTU
ORCL
IP
LM
IPG
ISCA
ISRG
ITT
ITW
IVZ
JAVA
JBL
JCI
JCP
JDSU
UNM
JNPR
JNS
JNY JOYG
JPM
JWN
KFT
LEN
LNC
KG
KIM
TER
KMB
KO
KR
SWY
L
LAMR
LEAP
LEG
LH
LIZ
LLL
LMT
RTN
LO
LOGI
LSI
LUK
LUV
LVLT
LXK
MA
MAR
MAS
MAT
MBIMCD
MCHP
MCK
MCO
MHP
MDP
MDT
MET
MHS
MI
RF
MICC
MIL
MKC
MMC
MNST
MO
RAI
MOLX
MONMOT
MRK
MRO
VLO
MSFT
ZION
MTG
MTW
MU
MUR
MWV
MYL
STR
NCC
NE
NEM
NI
NKE
NOC
NOVL
NSC
NTAP
NUE
X
NVDA
NVLS
NWL
NYT ODP
OMC
PAYX
PBG
PBI
PCAR
PCG
PSA
PCP
PDCO
PEG
PETM
PG
PGR
PHM
PKI
PLD
PLL
PM
THC
PNW
POM
PPG
PTV
PX
Q
QLGC
SNA
R
RHI
RIG
RIMM
RL
ROH
SIAL
RRC
RSH
RX
S
SAF
SBUX
SCHW
SE
SEE
SGP
SHLD
SHW
SII
WFT
SIRI
SLB
SLE
SLM
SNDK
SNI
WAT
SO
SOV
SPLS
SRCL
SRE
STJ
STZ
SUN
SVU
SWN
SYMC
SYY
T
TAP
TDC
TE
TEL
TEVA
TIE
TIF
TJX
TLAB
TSN
TSO
TSS
TXN
TYC
UIS
UPS
WFC
UST
VAR
VFC
VMC
VRSN
VRTX
VZ
WAG
WB
WEN
WFMI
WFR
WHR
WM
WPI
WPO
WU
WWY
WYE
WYNN
XEL
XLNX
XOM
XRAY
YHOO
YUM
ZMH
(a) (b)
A
AA
TEX
AAPL
GOOG
ABC
CAH
ABI
TMO
ABT
JNJ
ACAS
C
ACS
TMK
ADBE
UTX
ADI LRCX
ADM
EP
ADP
DOW
ADSK
AEE
CBS
AEP
AES
WMB
AET CI
AFL
TRV
AGNLLY
AIG
MS
AIV
DDR
AIZ
PRU
AKAM
AKS
ALL
PFG
ALTR
LLTC
AMAT KLAC
AMD
VMED
AMGN
CELG
AMLN
AMP
AMT
GE
AMZN
AN
M
ANF
AOC
SPG
APA
DVN
APC
NBL
APD
APOL
CHKP
ASH
RRD
ATI
ATVI
BUD
AVB
VNO
AVP
PFE
AVY
IR
AW
WMI
AXP
AYE
CMS
AZO
KSS
BA
BAC
BAX
BBBY LOW
BBT
MTB
BBY
BCR
COV
BDK
SWK
BDX
SYK
BEN
BHI
HAL
BIDU
QCOM
BIG
FDO
BIIB
NYX
BJS
BK
BLL
CAT
BMC CA
BMS
WY
BMY
TWX
BNI
TROW
BRCM
MRVL
BRL
PNC
BSX
GM
BTU
HCP
BXP
MER
NSM
CAG
ROK
CAM
NOV
CB
CBE
CBG
WYN
CCE
CCL
CDNS
CEG
CEPH
CF
MEE
CHK
CSCO
CHRW
EXPD
CVH
CIEN
CINF
KEY
CIT
CL
PEP
CLX
CMA
STI
CMCSA
CME
ICE
CMI
ETN
CNP
CNX
COF
COG
COH
COL
COP
COST
GENZ
CPB
HNZ
CPWR
CRM
CSC
HOT
MMM
CSX
UNP
CTAS
CTL
EQ CTSHINFY
CTX
CTXS
CVGUNH
CVS
CVX
D
FE
DD
DDS
DEJEC
DELL
XRX
DF
DFS DGX
XL
DHI
KBH
DHR
DIS
DISH
DOV
DRI
DTE
EIX
DTV
STT
DUKPGN
DVA
XTO
DYN
EBAY
TXT
ECL
ED
EFX
EK
EL LTD
EMC
EMN
EMR
EOG
EQR
ERTS
ESRX
NTRS
ESV
RDC
ETFC
ETR
EXC
PPL
FDX
EXPE
F
FAST
GWW
FCX
STLD
TGT
FPL
FHN
FII
GS
FIS
FISV
FITB
FLEX
FLIR
FLR
FMCN
FO
FRX
FTR
WIN
FWLT
GAS
TEG
GCI
GD
GGP
HIG
GILD
GIS
K
GLW
GME
GNW
GPC
GPS
GR
HON
GRMN
GT
NBR
HANS
HAR
HAS
WMT
HBAN
HCBK
USB
PCL
HD
HESOXY
HOG
HOLX
HPC
HPQ
IBM
HRB
HRS
PH
HSIC
HSP
HST
HSY
HUM
WLP
IFF
IGT
NIHD
INTC
INTU
ORCL
IP
LM
IPG
ISCA
ISRG
ITT
ITW
IVZ
JAVA
JBL
JCI
JCP
JDSU
UNM
JNPR
JNS
JNY JOYG
JPM
JWN
KFT
LEN
LNC
KG
KIM
TER
KMB
KO
KR
SWY
L
LAMR
LEAP
LEG
LH
LIZ
LLL
LMT
RTN
LO
LOGI
LSI
LUK
LUV
LVLT
LXK
MA
MAR
MAS
MAT
MBIMCD
MCHP
MCK
MCO
MHP
MDP
MDT
MET
MHS
MI
RF
MICC
MIL
MKC
MMC
MNST
MO
RAI
MOLX
MONMOT
MRK
MRO
VLO
MSFT
ZION
MTG
MTW
MU
MUR
MWV
MYL
STR
NCC
NE
NEM
NI
NKE
NOC
NOVL
NSC
NTAP
NUE
X
NVDA
NVLS
NWL
NYT ODP
OMC
PAYX
PBG
PBI
PCAR
PCG
PSA
PCP
PDCO
PEG
PETM
PG
PGR
PHM
PKI
PLD
PLL
PM
THC
PNW
POM
PPG
PTV
PX
Q
QLGC
SNA
R
RHI
RIG
RIMM
RL
ROH
SIAL
RRC
RSH
RX
S
SAF
SBUX
SCHW
SE
SEE
SGP
SHLD
SHW
SII
WFT
SIRI
SLB
SLE
SLM
SNDK
SNI
WAT
SO
SOV
SPLS
SRCL
SRE
STJ
STZ
SUN
SVU
SWN
SYMC
SYY
T
TAP
TDC
TE
TEL
TEVA
TIE
TIF
TJX
TLAB
TSN
TSO
TSS
TXN
TYC
UIS
UPS
WFC
UST
VAR
VFC
VMC
VRSN
VRTX
VZ
WAG
WB
WEN
WFMI
WFR
WHR
WM
WPI
WPO
WU
WWY
WYE
WYNN
XEL
XLNX
XOM
XRAY
YHOO
YUM
ZMH
A
AA
TEX
AAPL
GOOG
ABC
CAH
ABI
TMO
ABT
JNJ
ACAS
C
ACS
TMK
ADBE
UTX
ADI LRCX
ADM
EP
ADP
DOW
ADSK
AEE
CBS
AEP
AES
WMB
AET CI
AFL
TRV
AGNLLY
AIG
MS
AIV
DDR
AIZ
PRU
AKAM
AKS
ALL
PFG
ALTR
LLTC
AMAT KLAC
AMD
VMED
AMGN
CELG
AMLN
AMP
AMT
GE
AMZN
AN
M
ANF
AOC
SPG
APA
DVN
APC
NBL
APD
APOL
CHKP
ASH
RRD
ATI
ATVI
BUD
AVB
VNO
AVP
PFE
AVY
IR
AW
WMI
AXP
AYE
CMS
AZO
KSS
BA
BAC
BAX
BBBY LOW
BBT
MTB
BBY
BCR
COV
BDK
SWK
BDX
SYK
BEN
BHI
HAL
BIDU
QCOM
BIG
FDO
BIIB
NYX
BJS
BK
BLL
CAT
BMC CA
BMS
WY
BMY
TWX
BNI
TROW
BRCM
MRVL
BRL
PNC
BSX
GM
BTU
HCP
BXP
MER
NSM
CAG
ROK
CAM
NOV
CB
CBE
CBG
WYN
CCE
CCL
CDNS
CEG
CEPH
CF
MEE
CHK
CSCO
CHRW
EXPD
CVH
CIEN
CINF
KEY
CIT
CL
PEP
CLX
CMA
STI
CMCSA
CME
ICE
CMI
ETN
CNP
CNX
COF
COG
COH
COL
COP
COST
GENZ
CPB
HNZ
CPWR
CRM
CSC
HOT
MMM
CSX
UNP
CTAS
CTL
EQ CTSHINFY
CTX
CTXS
CVGUNH
CVS
CVX
D
FE
DD
DDS
DEJEC
DELL
XRX
DF
DFS DGX
XL
DHI
KBH
DHR
DIS
DISH
DOV
DRI
DTE
EIX
DTV
STT
DUKPGN
DVA
XTO
DYN
EBAY
TXT
ECL
ED
EFX
EK
EL LTD
EMC
EMN
EMR
EOG
EQR
ERTS
ESRX
NTRS
ESV
RDC
ETFC
ETR
EXC
PPL
FDX
EXPE
F
FAST
GWW
FCX
STLD
TGT
FPL
FHN
FII
GS
FIS
FISV
FITB
FLEX
FLIR
FLR
FMCN
FO
FRX
FTR
WIN
FWLT
GAS
TEG
GCI
GD
GGP
HIG
GILD
GIS
K
GLW
GME
GNW
GPC
GPS
GR
HON
GRMN
GT
NBR
HANS
HAR
HAS
WMT
HBAN
HCBK
USB
PCL
HD
HESOXY
HOG
HOLX
HPC
HPQ
IBM
HRB
HRS
PH
HSIC
HSP
HST
HSY
HUM
WLP
IFF
IGT
NIHD
INTC
INTU
ORCL
IP
LM
IPG
ISCA
ISRG
ITT
ITW
IVZ
JAVA
JBL
JCI
JCP
JDSU
UNM
JNPR
JNS
JNY JOYG
JPM
JWN
KFT
LEN
LNC
KG
KIM
TER
KMB
KO
KR
SWY
L
LAMR
LEAP
LEG
LH
LIZ
LLL
LMT
RTN
LO
LOGI
LSI
LUK
LUV
LVLT
LXK
MA
MAR
MAS
MAT
MBIMCD
MCHP
MCK
MCO
MHP
MDP
MDT
MET
MHS
MI
RF
MICC
MIL
MKC
MMC
MNST
MO
RAI
MOLX
MONMOT
MRK
MRO
VLO
MSFT
ZION
MTG
MTW
MU
MUR
MWV
MYL
STR
NCC
NE
NEM
NI
NKE
NOC
NOVL
NSC
NTAP
NUE
X
NVDA
NVLS
NWL
NYT ODP
OMC
PAYX
PBG
PBI
PCAR
PCG
PSA
PCP
PDCO
PEG
PETM
PG
PGR
PHM
PKI
PLD
PLL
PM
THC
PNW
POM
PPG
PTV
PX
Q
QLGC
SNA
R
RHI
RIG
RIMM
RL
ROH
SIAL
RRC
RSH
RX
S
SAF
SBUX
SCHW
SE
SEE
SGP
SHLD
SHW
SII
WFT
SIRI
SLB
SLE
SLM
SNDK
SNI
WAT
SO
SOV
SPLS
SRCL
SRE
STJ
STZ
SUN
SVU
SWN
SYMC
SYY
T
TAP
TDC
TE
TEL
TEVA
TIE
TIF
TJX
TLAB
TSN
TSO
TSS
TXN
TYC
UIS
UPS
WFC
UST
VAR
VFC
VMC
VRSN
VRTX
VZ
WAG
WB
WEN
WFMI
WFR
WHR
WM
WPI
WPO
WU
WWY
WYE
WYNN
XEL
XLNX
XOM
XRAY
YHOO
YUM
ZMH
(c) (d)
A
AA
TEX
AAPL
GOOG
ABC
CAH
ABI
TMO
ABT
JNJ
ACAS
C
ACS
TMK
ADBE
UTX
ADI LRCX
ADM
EP
ADP
DOW
ADSK
AEE
CBS
AEP
AES
WMB
AET CI
AFL
TRV
AGNLLY
AIG
MS
AIV
DDR
AIZ
PRU
AKAM
AKS
ALL
PFG
ALTR
LLTC
AMAT KLAC
AMD
VMED
AMGN
CELG
AMLN
AMP
AMT
GE
AMZN
AN
M
ANF
AOC
SPG
APA
DVN
APC
NBL
APD
APOL
CHKP
ASH
RRD
ATI
ATVI
BUD
AVB
VNO
AVP
PFE
AVY
IR
AW
WMI
AXP
AYE
CMS
AZO
KSS
BA
BAC
BAX
BBBY LOW
BBT
MTB
BBY
BCR
COV
BDK
SWK
BDX
SYK
BEN
BHI
HAL
BIDU
QCOM
BIG
FDO
BIIB
NYX
BJS
BK
BLL
CAT
BMC CA
BMS
WY
BMY
TWX
BNI
TROW
BRCM
MRVL
BRL
PNC
BSX
GM
BTU
HCP
BXP
MER
NSM
CAG
ROK
CAM
NOV
CB
CBE
CBG
WYN
CCE
CCL
CDNS
CEG
CEPH
CF
MEE
CHK
CSCO
CHRW
EXPD
CVH
CIEN
CINF
KEY
CIT
CL
PEP
CLX
CMA
STI
CMCSA
CME
ICE
CMI
ETN
CNP
CNX
COF
COG
COH
COL
COP
COST
GENZ
CPB
HNZ
CPWR
CRM
CSC
HOT
MMM
CSX
UNP
CTAS
CTL
EQ CTSHINFY
CTX
CTXS
CVGUNH
CVS
CVX
D
FE
DD
DDS
DEJEC
DELL
XRX
DF
DFS DGX
XL
DHI
KBH
DHR
DIS
DISH
DOV
DRI
DTE
EIX
DTV
STT
DUKPGN
DVA
XTO
DYN
EBAY
TXT
ECL
ED
EFX
EK
EL LTD
EMC
EMN
EMR
EOG
EQR
ERTS
ESRX
NTRS
ESV
RDC
ETFC
ETR
EXC
PPL
FDX
EXPE
F
FAST
GWW
FCX
STLD
TGT
FPL
FHN
FII
GS
FIS
FISV
FITB
FLEX
FLIR
FLR
FMCN
FO
FRX
FTR
WIN
FWLT
GAS
TEG
GCI
GD
GGP
HIG
GILD
GIS
K
GLW
GME
GNW
GPC
GPS
GR
HON
GRMN
GT
NBR
HANS
HAR
HAS
WMT
HBAN
HCBK
USB
PCL
HD
HESOXY
HOG
HOLX
HPC
HPQ
IBM
HRB
HRS
PH
HSIC
HSP
HST
HSY
HUM
WLP
IFF
IGT
NIHD
INTC
INTU
ORCL
IP
LM
IPG
ISCA
ISRG
ITT
ITW
IVZ
JAVA
JBL
JCI
JCP
JDSU
UNM
JNPR
JNS
JNY JOYG
JPM
JWN
KFT
LEN
LNC
KG
KIM
TER
KMB
KO
KR
SWY
L
LAMR
LEAP
LEG
LH
LIZ
LLL
LMT
RTN
LO
LOGI
LSI
LUK
LUV
LVLT
LXK
MA
MAR
MAS
MAT
MBIMCD
MCHP
MCK
MCO
MHP
MDP
MDT
MET
MHS
MI
RF
MICC
MIL
MKC
MMC
MNST
MO
RAI
MOLX
MONMOT
MRK
MRO
VLO
MSFT
ZION
MTG
MTW
MU
MUR
MWV
MYL
STR
NCC
NE
NEM
NI
NKE
NOC
NOVL
NSC
NTAP
NUE
X
NVDA
NVLS
NWL
NYT ODP
OMC
PAYX
PBG
PBI
PCAR
PCG
PSA
PCP
PDCO
PEG
PETM
PG
PGR
PHM
PKI
PLD
PLL
PM
THC
PNW
POM
PPG
PTV
PX
Q
QLGC
SNA
R
RHI
RIG
RIMM
RL
ROH
SIAL
RRC
RSH
RX
S
SAF
SBUX
SCHW
SE
SEE
SGP
SHLD
SHW
SII
WFT
SIRI
SLB
SLE
SLM
SNDK
SNI
WAT
SO
SOV
SPLS
SRCL
SRE
STJ
STZ
SUN
SVU
SWN
SYMC
SYY
T
TAP
TDC
TE
TEL
TEVA
TIE
TIF
TJX
TLAB
TSN
TSO
TSS
TXN
TYC
UIS
UPS
WFC
UST
VAR
VFC
VMC
VRSN
VRTX
VZ
WAG
WB
WEN
WFMI
WFR
WHR
WM
WPI
WPO
WU
WWY
WYE
WYNN
XEL
XLNX
XOM
XRAY
YHOO
YUM
ZMH
A
AA
TEX
AAPL
GOOG
ABC
CAH
ABI
TMO
ABT
JNJ
ACAS
C
ACS
TMK
ADBE
UTX
ADI LRCX
ADM
EP
ADP
DOW
ADSK
AEE
CBS
AEP
AES
WMB
AET CI
AFL
TRV
AGNLLY
AIG
MS
AIV
DDR
AIZ
PRU
AKAM
AKS
ALL
PFG
ALTR
LLTC
AMAT KLAC
AMD
VMED
AMGN
CELG
AMLN
AMP
AMT
GE
AMZN
AN
M
ANF
AOC
SPG
APA
DVN
APC
NBL
APD
APOL
CHKP
ASH
RRD
ATI
ATVI
BUD
AVB
VNO
AVP
PFE
AVY
IR
AW
WMI
AXP
AYE
CMS
AZO
KSS
BA
BAC
BAX
BBBY LOW
BBT
MTB
BBY
BCR
COV
BDK
SWK
BDX
SYK
BEN
BHI
HAL
BIDU
QCOM
BIG
FDO
BIIB
NYX
BJS
BK
BLL
CAT
BMC CA
BMS
WY
BMY
TWX
BNI
TROW
BRCM
MRVL
BRL
PNC
BSX
GM
BTU
HCP
BXP
MER
NSM
CAG
ROK
CAM
NOV
CB
CBE
CBG
WYN
CCE
CCL
CDNS
CEG
CEPH
CF
MEE
CHK
CSCO
CHRW
EXPD
CVH
CIEN
CINF
KEY
CIT
CL
PEP
CLX
CMA
STI
CMCSA
CME
ICE
CMI
ETN
CNP
CNX
COF
COG
COH
COL
COP
COST
GENZ
CPB
HNZ
CPWR
CRM
CSC
HOT
MMM
CSX
UNP
CTAS
CTL
EQ CTSHINFY
CTX
CTXS
CVGUNH
CVS
CVX
D
FE
DD
DDS
DEJEC
DELL
XRX
DF
DFS DGX
XL
DHI
KBH
DHR
DIS
DISH
DOV
DRI
DTE
EIX
DTV
STT
DUKPGN
DVA
XTO
DYN
EBAY
TXT
ECL
ED
EFX
EK
EL LTD
EMC
EMN
EMR
EOG
EQR
ERTS
ESRX
NTRS
ESV
RDC
ETFC
ETR
EXC
PPL
FDX
EXPE
F
FAST
GWW
FCX
STLD
TGT
FPL
FHN
FII
GS
FIS
FISV
FITB
FLEX
FLIR
FLR
FMCN
FO
FRX
FTR
WIN
FWLT
GAS
TEG
GCI
GD
GGP
HIG
GILD
GIS
K
GLW
GME
GNW
GPC
GPS
GR
HON
GRMN
GT
NBR
HANS
HAR
HAS
WMT
HBAN
HCBK
USB
PCL
HD
HESOXY
HOG
HOLX
HPC
HPQ
IBM
HRB
HRS
PH
HSIC
HSP
HST
HSY
HUM
WLP
IFF
IGT
NIHD
INTC
INTU
ORCL
IP
LM
IPG
ISCA
ISRG
ITT
ITW
IVZ
JAVA
JBL
JCI
JCP
JDSU
UNM
JNPR
JNS
JNY JOYG
JPM
JWN
KFT
LEN
LNC
KG
KIM
TER
KMB
KO
KR
SWY
L
LAMR
LEAP
LEG
LH
LIZ
LLL
LMT
RTN
LO
LOGI
LSI
LUK
LUV
LVLT
LXK
MA
MAR
MAS
MAT
MBIMCD
MCHP
MCK
MCO
MHP
MDP
MDT
MET
MHS
MI
RF
MICC
MIL
MKC
MMC
MNST
MO
RAI
MOLX
MONMOT
MRK
MRO
VLO
MSFT
ZION
MTG
MTW
MU
MUR
MWV
MYL
STR
NCC
NE
NEM
NI
NKE
NOC
NOVL
NSC
NTAP
NUE
X
NVDA
NVLS
NWL
NYT ODP
OMC
PAYX
PBG
PBI
PCAR
PCG
PSA
PCP
PDCO
PEG
PETM
PG
PGR
PHM
PKI
PLD
PLL
PM
THC
PNW
POM
PPG
PTV
PX
Q
QLGC
SNA
R
RHI
RIG
RIMM
RL
ROH
SIAL
RRC
RSH
RX
S
SAF
SBUX
SCHW
SE
SEE
SGP
SHLD
SHW
SII
WFT
SIRI
SLB
SLE
SLM
SNDK
SNI
WAT
SO
SOV
SPLS
SRCL
SRE
STJ
STZ
SUN
SVU
SWN
SYMC
SYY
T
TAP
TDC
TE
TEL
TEVA
TIE
TIF
TJX
TLAB
TSN
TSO
TSS
TXN
TYC
UIS
UPS
WFC
UST
VAR
VFC
VMC
VRSN
VRTX
VZ
WAG
WB
WEN
WFMI
WFR
WHR
WM
WPI
WPO
WU
WWY
WYE
WYNN
XEL
XLNX
XOM
XRAY
YHOO
YUM
ZMH
(e) (f)
FIG. 3: Diagrams show the spread of the credit crisis across nodes of the stock correlation network
for different dates. From the top left, (a)August 10, 2007, when the crisis in mortgage-backed
securities first began to cause widespread market volatility, (b) September 14, 2007, the collapse
of British lender Northern Rock and its bailout by the British government, which accentuated the
global spread of the crisis, (c) January 17, 2008, turbulence in January 2008 due to the increasing
fear of instability in the financial sector, (d) March 17, 2008, the collapse of the once venerable
Wall Street investment bank Bear Stearns, (e) September 15, 2008, the even more destabilizing
collapse of Lehman Brothers, and (f) October 10, 2008, end of the worst performing week for the
Dow Jones Industrial Average in history. Green nodes represent a current arithmetic return greater
than -10%. Yellow nodes represent a current return between -10% and -25%. Red nodes represent
a current return less than -25%.
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